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A convenient synthesis of six new stacked "trimethylene-linker" compounds based on pyrazolo[3,4-
d]pyrirnidine namely, 1,3-bis( 5-methyllbenzy 1-6-methylthio-4 ,5-dihydro-4-oxo-l H-pyrazolo[3,4-
d]pyrirnidin-l-yl)propanes 9b, ge, 1-(4-methoxylbenzyloxy-6-methylthio-1H-pyrazolo[3,4-d]pyrirnidin-
l-yl)-3-( 5-methyllbenzyl-6-methylthio-4,5-dihydro-4-oxo-1 H-pyrazolo[3,4-d]pyrimidin -l-yl)propanes
lOb, 10e and 1,3-bis (4-methoxylbenzyloxy-6-methylthio-1H-pyrazolo[3,4-d]pyrimidin-l-yl)propanes
lIb, lIe has been described. The high resolution IH NMR data of these compounds has been utilized to
demonstrate the presence of intramolecular aromatic 1t-1t interaction (APPI) in these compounds.
Synthesis and NMR data of some more compounds (9a, ge, 9d, lOa, lOe, lOd and lId) having ethylene-
, tetramethylene- and pentamethylene-linkers are also reported.
Besides DNAIRNA aromatic 1t-1t interactions
(APPI) are implicated to rationalize a variety of
phenomena such as the packing of aromatic
molecules in crystals', molecular recognitiorr'",
asymmetric synthesis 7 and to explain the structure
of many biologically relevant moleculest'". The
"trimethylene-linker" connecting two aromatic
moieties of a bis-compound, has played significant
role in understanding intramolecular interac-
nons":". Traditionally, cyclophanes 1 (Figure 1)
containing two aromatic moieties have been
extensively employed for such studies but many of
these molecules have been intended to induce the
aromatic rings to lie in parallel planes'T". Cozzi et
al.17•18 have recently introduced a new model based
on 1,8-disubstituted naphthalene 2 (Figure 1) for
studying intramolecular APPI. Here again the two
aromatic moieties at 1,8-positions are rather too
close and naturally forced to stay more or less
parallel to each other by design rather than by
intramolecular aromatic 1t-1t interaction. Inspite of
current hectic activity in this area APPI are not
well understood 19-24, and there is a need for new
simple and flexible models so that knowledge
gained through them could be utilized in a
tCDRI Communication No. 5685
predictive and practical manner for the synthesis of
supramolecular assemblies.
Recently, we have reported the synthesis, IH
NMR and X-ray crystallographic structure of 1,3-
bis( 4,6-dimethylthio-1H-pyrazolo[3,4-d]pyrimidin-
l-yl)propane 3b (Figure 2) as the first example of
pyrazolo[3,4-d]pyrimidine (which is isomeric with
purine system) derived compound which showed
intramolecular APPI without any Hvbonding":". It
is important to mention here that 8,8' -trimethylene-
bistrheophylline)" 4 (Figure 2) and 1,1' -trimethy-
lene-bistthyminer'f S (Figure 2) remain only other
compounds whose X-ray structures have shown
intramolecular APPI though alongwith extensive
H-bonding. Furthermore, it is important to realize
that just having a trimethylene-linker in a bis-
compound does not necessarily ensure the presence
of intramolecular APPI. For instance compounds 6
and 7 having a "trimethylene-linker" do not show
intramolecular APPI (Figure 3) when studied by
11 h 2930X-ray crysta ograp y ..
In this paper we report the synthesis of six more
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purpose. In these compounds the magnetic
anisotropy induced by the aromatic rt-electrons
allows for sensitive detection of intramolecular
proximity via 'H NMR spectroscopy. The reaction
of 1,3-bis(4,6-dimethylthio-IH-pyrazolo[3,4-
d]pyrimidin-l-yl)propane 3b with boiling aqueous
alkali after usual work-up, gave 1,3-bis[6-
methylthio- 4(5H)oxo-lH-pyrazolo[3,4-d]pyrimid-
in-I-yljpropane 8b as a high melting solid (m.p. >
270°C). Selective reaction at 4-methylthio group in
the presence of 6-methylthio group by oxygen
nucleophile is well precedented". The compound
8b was methylated without any purification
followed by normal work-up and chromatographic
separation to give 9b (88%), lOb (5%) andllb
midin-l-yl)-3-(5'-methyl-6'-methylthio-4',5'-dihy- (1%) in overall good yield (Scheme I). All these
dro- 4' -oxo-l 'H-pyrazolo[3,4-d]pyrimidin-I' -yl)- compounds were easily characterised by high
pro-pa~es (lOb,lOe) and 1,3-bis(4- resolution (400 MHz) IH NMR and "c NMR
benzyloxy/methoxy-6- methylthio-lH-pyrazolo- spectra and elemental analysis. To our delight the
[3,4-d]pyrimidin-l-yl)propanes (llb,lle) whose 'H NMR of the compound 9b showed 6-methylthio
IH NMR data convincingly demonstrate the protons at much higher field (8 2.29) in comparison
presence of intramolecular APPI. The present to the presence of corresponding signal at 8 2.65 in
paper also describes the synthesis of many more the IH NMR of the model compound 12a (Figure
homologs, 9a, 9c, 9d, lOa, lOc, lOd and lld of 4). Similarly the IH NMR spectrum of the
above mentioned "trimethylene-linker" compounds compound lOb showed two methylthio signals at 8
whose 'H NMR data has been used for comparison 2.27 and 2.38 again at much higher field as
Figure 2
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compared to similar protons found at 8 2.65 and
2.66 in the IH NMR of the model compounds 12a
and 13a (Figure 4) respectively. Likewise, IH
NMR spectrum of the compound LIb showed 6-
methylthio group at higher field (8 2.42) as
compared to the occurrence of corresponding
methylthio group in the IH NMR of the model
compound l3a (8 2.66). Even though the
symmetrical compound 11b was formed in less
than 1% yield its IH NMR spectrum was of great
significance in establishing the presence of
intramolecular APPI in this compound due to its
obvious structural similarity with the starting
material 3b26• Not surprisingly, the IH NMR
spectrum of compound 11b showed 6-methylthio
signal at 8 2.42 which was identical to the
corresponding signal found in the IH NMR of
starting material 3b at 8 2.42 (ref.25). The
symmetrical nature of compounds 9b and Hb both
having seventeen carbons each was also confirmed
by their J3C NMR spectra which showed only nine
carbons.
Other homologs (9, 10 and 11, n=2,4,5) were
synthesized and characterized similarly. The IH
NMR spectra of compounds 9d, 10d and 11d
showed 6-methylthio signals in the region ()2.54 to
2.59 as compared to similar protons found at ()2.65
and 2.66 in the IH NMR of model compounds l2a
and 13a, respectively. Thus these compounds
belonging to "pentamethylene-linker" series as also
expected based on literature precedence 1 1 do not
show any intramolecular APPI. The signal for 6-
methylthio group in the IH NMR of 9a an
ethylene-linker compound appeared at ()2.48 while
similar protons appeared at () 2.40 and 2.48 in the
IHNMR of the compound lOa. The upfield shift of
6-methylthio protons in compounds 9a and lOa are
much less than the corresponding upfield shift in
the "trimethylene-linker" compounds 9b, lOb,
however, it is more as compared to the compounds
9d and 10d but again much less as compared to the
model compounds 12a and 13a (Figure 4).
Furthermore, based on UV studies bis adenine
compounds connected by an "ethylene-linker" are
known not to show appreciable intramolecular
interaction". Thus, based on literature precedent II
and IH NMR results of only two compounds
(9a,10a) discussed above we are of the opinion that
compounds 9a and lOa probably do not show
appreciable intramolecular APPI. Apparently,
synthesis of more compounds having "ethylene
linker" for more IH NMR data is required or
preferably X-ray crystallographic structure
determination on some of "ethylene-linker"
compounds is required before a definite conclusion
can be made about their conformation. The two
compounds 9c and 10c belonging to
"tetramethylene-linker" series also do not show
significant upfield shift for 6-methylthio groups in
their IH NMR spectra in comparison to chemical
shift of similar protons in the IH NMR of model
compounds 12a and 13a (Figure 4) indicating the
absence of intramolecular APPI.
Due to the established importance of
"trimethylene-linker" in literature 11·\3.26 and in new
compounds 9b, lOb and 11b for the detection of
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Table I-Physical data of I ,n-bis(5-benzyllmethyl-6-methylthio-4-oxo-1 H-pyrazolo(3 ,4-d]pyrimidin-l-yl- )alkanes 9, 1-(4-
benzyJoxy/methoxy-6-methylthio-IH-pyrazolo[3,4-d]pyrimidin-l-yl)-n-(5' -methyl-6' -methylthio-4' -oxo-I 'H-pyrazolo[3,4-
d]pyrimidin-I' -yl)alkanes 10 and I,n-bis (4-benzyloxy/methoxy-6-methylthio-1 H-pyrazolo[3 ,4-d]pyrimidin-l-yl)alkanes II
Product Yield m.p. °C Mol. formula" MS IH NMR (CDCI3) and/or \3C NMR
(%) (solvent) (70 eV) (CDCI3)
mlz (%) 8 (J values in Hz)
9a 82 275 CI6HI8N802S2 418 2.48 (5, 6H, 2xSCH3), 3.48 (5, 6H,
(CHCI3) (65%) 2xNCH3), 4.75 (5, 4H, 2xNCH2), 7.96 (5,
2H, 2xH-3), 15.1,29.6,
46.7,102.2,135.6,151.1,157.4,162.0
lOa 14 190 CI6HI8N802S2 418 2.40 (5, 3H, SCH3), 2.48 (5, 3H,
(EtOAc) (61%) SCH3), 3.49 (5, 3H, NCH3), 4.08 (5,
3H, OCH3), 4.75 (t, 2H;J=7Hz,
NCH2), 4.84 (t, 2H, J=7Hz, NCH2),
7.83 (5, 1H, H-3), 7.97 (5, 1H, H-3).
9b 88 220 C17H20Ns02S2 432 2.29 (5, 6H, 2xSCH3)' 2.69 (q, 2H,
(EtOAc) (18%) J=7Hz, CH2), 3.51 (5, 6H, 2xNCH3),
4.03 (t, 4H. J=7Hz, 2xNCH2), 8.06
(5, 2H, 2xH-3), 14.7,27.2,29.6,
42.0,102.0,135.3,150.7,157.4,16\.3.
lOb 5 170 C17H20Ns02S2 432 2.27 (5, 3H, SCH3), 2.38 (5, 3H,
(EtOAc) (90%) SCH3), 2.69 (q, 2H, J=7Hz, CH2),
3.48 (5, 3H, NCH3), 4. \0 (5, 3H,
OCH3), 4.14 (t, 2H, J=7Hz, NCH2),
4.24 (t, 2H, J=7Hz, NCH2), 7.92 (5,
IH, H-3), 8.04 (5, IH, H-3).
llb 150 C17H20Ns02S2 432 2.42 (5, 6H, 2xSCH3), 2.67 (q, 2H,
(EtOAc- (47%) J=7Hz, CH2), 4.12 (5, 6H, 2xOCH3)'
Hex) 4.32 (t, 4H, J=7Hz, 2xNCH2)' 7.92
(5, 2H, 2xH-3), 13.9,28.0,43.3,
54.1,99.8,131.5,155.4,162.5,169.1.
ge 82 222 CIsH22Ns02S2 446 1.9 (m, 4H, 2xCH2)' 2.58 (5, 6H,
(EtOAc- (23%) 2xSCH3), 3.55 (5, 6H, 2xNCH3),
Hex) 4.28 (5, 4H, 2xNCH2), 8.0 (5, 2H,
2xH-3), 14.6,27.1,29.5,41.8,
10\.8,135.2,150.2,157.3,161.2.
IOe 4 150 ClsH22Ns02S2 446 1.9 (brs, 4H, CH2CH2), 2.60 (5, 6H,
(EtOAc- (18%) 2xSCHj), 3.57 (5, 3H, NCH3), 4.12
Hex) (5, 3H, OCH3), 4.34 (brt, 2H, NCH2),
4.42 (brt, 2H, NCH2), 7.89 (5, IH,
H-3), 7.99 (5, I H, H-3).
9d 85 180 CI9H24Ns02S2. 460 1.26 (q, 2H, J=7Hz, CH2), 1.95 (q,
(EtOAc) (14%) 4H,J=7Hz, 2xCH2), 2.54 (5, 6H,
2xSCH3), 3.56 (5, 6H, 2xNCH3),
4.26 (t, 4H, J=7Hz, 2xNCH2), 7.98
(5, 2H, H-3), 15.1,23.3,28.5,29.4,
46.3,101.6,134.6,150.2,157.4,161.4.
lOd 6 130 CI9H24Ns02S2 460 1.2-1.3 (rn, 2H, CH2), 1.9-2.0 (m, 4H,
(EtOAc) (18%) 2xCH2)' 2.55 (5, 3H, SCH3), 2.58 (5,
3H, SCH3), 3.58 (5, 3H, NCH3), 4.13
(5, 3H, OCH3), 4.26 (t, 2H, J=7Hz,
NCH2), 4.35 (t, 2H, J=7Hz, NCH2),
7.87 (5, I H, H-3), 7.97 (5, I H, H-3).
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Table I-Physical data of I ,n-bis(5-benzyVmethyl-6-methylthio-4-oxo-1H-pyrazolo[3,4-d]pyrimidin-I-yl- )alkanes 9, 1-(4-
benzyloxy/methoxy-6-methylthio-1H-pyrazolo[3,4-d]pyrimidin-l-yl)-n-(5' -methyl-6' -methylthio-4' -oxo-I: H-pyrazolo[3,4-
d]pyrimidin-I' -yl)alkanes 10 and l.n-bis (4-benzyloxy/methoxy-6-methylthio-l H-pyrazolo[3,4-d]pyrimidin-l-yl)alkanes 11
Product Yield m.p.v'C Mol. formula" MS IH NMR (CDCh) and/or I3C NMR
(%) (solvent) (70 eV) (CDCI)















1.27 (q, 2H, J=7Hz, CH2), 1.97 (q,
4H, J=7Hz, 2xCH2)' 2.59 (s, 6H, 2xSCH),
4.12 (s, 6H, 2xOCH3), 4.34 (t, 4H, J=7Hz,
2xNCH2), 7.87 (s, 2H, 2xH-3).
584
(17%)
2.31 (s, 6H, 2xSCH), 2.68 (q, 2H,
J=7Hz, CH2), 4.21 (t, 4H, J=7Hz, 2xNCH2),
5.25 (s, 4H, 2xNCH2 Ph), 7.25-7.31(m, 10H,
2xC6HS)' 8.7 (s, 2H, 2xH-3),




2.18 (s, 3H, SCH), 2.43 (s, 3H,SCH3),
2.69 (q, 2H, J=7Hz, CH2), 4.18 (t, 2H,
J=7Hz, NCH2), 4.31 (t, 2H, J=7Hz, NCH2),
5.31 (s, 2H, NCH2Ph), 5.55 (s, 2H,
NCH2Ph),7.22-7.32
(m, 5H, C6Hs), 7.34-7.44 (m, 3H, C6H5), 7.5
(d, 2H, J=7 Hz, C6H5), 7.93 (s, 1H, H-3),







2.39 (s, 6H, 2xSCH3)' 2.68 (q, 2H,
J=7Hz, CH2), 4.31 (t, 4H, J=7 Hz, 2xNCH2),
5.58 (s, 4H, OCH2Ph), 7.34-7.44 (m, 6H,
Ar-H), 7.50 (d, 4H, J=7Hz, 2xC6H3), 7.95
(s, 2H, 2xH-3).
"All the compounds gave satisfactory analyses (C, ±0.35%; H, ±0.25%; N, ±0.30%).
intramolecular APPI it was considered worthwhile
to make three benzyl analogs ge, 10e and lle of
compounds 9b, lOb and llb as well. The IH NMR
spectra of compounds ge, 1Oe and 11e showed 6-
methylthio protons at 8 2.31, 2.18 and at 8 2.43 and
2.39 respectively. This quite high upfield shift of 6-
methylthio protons in the IH NMR spectra of
compounds ge, 1Oe and 11e as compared to the
chemical shift of corresponding 6-methylthio group
observed at 82.61 and 2.65 in the IH NMR spectra
of model compounds 12b and 13b (Figure 4)
respectively was convincing evidence for the
presence of intramolecular APPI in compounds ge,
10e and lle.
In conclusion four symmetrical compounds 9b,
ge, llb and lle constitute new additions to the
newly emerging family of pyrazolo[3,4-
d]pyrimidine based intramolecularly n-zr
interacting flexible molecules of which compound
3b is the first example25,26. On the other hand
dissymmetric compounds lOb and 10e are first
members of the same family but having two
different aromatic moieties attached by a
"trimethylene-linker". Clearly high degree of
conformational mobility shared by above six
compounds is not available in semi-rigid
cyclophanes 1 or 1,8-diarylnaphthalenes 2 (Figure
1). Finally, the intramolecular APPI in compounds
9b and lOb has also been confirmed by X-ray
crystallography and these results will be published
in due course.
Experimental Section
Melting points are uncorrected and were taken
on a Buchi 530 melting point apparatus. Mass
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spectra were recorded on a Jeol-JMS D-300
spectrophotometer. IH NMR and t3CNMR spectra
were recorded on Bruker WM 400 at 400 MHz and
100 MHz respectively. TLC plates were prepared
with silica gel G and spots were visualised with 12
vapours. Chromatography was performed over
silica gel and purity of compounds were checked in
more than one solvent system.
1,n-Bis(6-methylthio-4,5- dihydro-4-oxo-lH-
pyrazolo [3,4-d]pyrimidin-l-yl)alkane: General
procedure. A mixture of3 (1 mmole) in INNaOH
(100 mL), methanol (100 mL) and enough THF (to
make it homogeneous) was refluxed for 4-6 hr. The
resulting mixture was concentrated at reduced
pressure to remove most of THF and methanol.
The reaction mixture was cooled and neutralized
with acetic acid. The white solid thus obtained was
collected by filtration and washed with water and
finally with little MeOH and dried. Compounds
Sa-d were prepared by this procedure. All the
compounds were high melting solids (m.p. > 260°)
and were obtained generally in good yields (95%).




d]pyrimidin-l-yl)alkanes : General procedure.
Excess methyl iodide (-12 mmoles) was added
dropwise to a sitrred mixture of compound 8
(5 mmoles), dry DMF (150 mL) and K2C03, the
reaction mixture was allowed to stir for 16 hr
(overnight). All DMF was removed at reduced
pressure and residue was dissolved in a mixture of
water and chloroform. Normal extractive work-up
gave organic layer which was dried over anhyd.
Na2S04. Removal of the solvent at reduced
pressure after filtration gave crude product which
was chromatographed over silica gel to give pure
methylated (or benzylated) products. Physical and
spectral data for these compounds (9, 10 and 11)
are reported in Table I.
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